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© A process for manufacturing an impeller or a rotor having one or more blades for a turbine pump 
by means of electrical discharge machining, and articles so obtained. 
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® A process for manufacturing impellers of turbine 
pumps provides for subjecting disks (2) correspond- 
ing to the impeller to be obtained to electrical dis- 
charge machining, using tools (1) in form of plates 
(4. 10) provided with radial slits (5, 5') extending 
along at least an arc of circumference and opening 
into hollow areas (7, 12). A combined motion of 
rotation and translation is imparted to the disks (2), 
thus generating twisted blades (9) having a profile 
with defined geometric characteristics. A one-piece 
rotor can be manufactured employing open tools 
(10a, I0n) with slits (5) formed along a semicir- 
cumference. and two passages in succession of the 
workpiece through the tools, moving the workpiece 
with a combined motion of rotation and translation. 

An advantageous application of the so manufac- 
tured article is that for a rotor of turbomolecular 
pumps, since Che compression ratio and the pump- 
ing speed are optimized and a considerable struc- 
tural sturdiness of the article is obtained. 



FIG.S 




Q. 

UJ 
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A PROCESS FOR MANUFACTURING AN IMPELLER OR A ROTOR HAVING ONE OR MORE BLADES FOR A 
TURBINE PUMP BY MEANS OF ELECTRICAL DISCHARGE MACHINING, AND ARTICLES SO OBTAINED. 



The present invention relates to a process for 
manufacturing, by means oF electrical discharge 
machining (EDM) techniques, an impeller or a rotor 
having on© or more impellers, in a turbine pump, 
particularly a turbamolecular pump, as well as to 
the impeller or the rotor obtained through such 
process. 

A rotor in a turbomoiecular pump is made up 
by a series of impellers that are keyed to a rotating 
shaft. Each impeller comprises a disk equipped 
wiLh an array of radial peripheral blades and is 
foreseen for rotating, in use, at a speed up to 
several tens of thousands rpm. The severe con- 
ditions of use and the ever increasing perFormace 
requested to turbomoiecular pumps as for what 
concerns the compression and the pumping speed, 
demand that the structure of each single impeller 
and of the rotor on the whole be sturdy and bal- 
anced, and that the shape of the impeller blades is 
such as to optimize the pump performance. 

The known processes For manufacturing impel- 
ler blades of turbomoiecular pumps require the 
separate manufacture of the impellers and men 
their keying to the rotor shaft. 

According to British Patent application No. 2 
171 942, each impeller is built by milling the 
blades thereoF by means of an apparatus that al- 
lows for the simultaneous machining of several 
disks. Nevertheless such machining requires sev- 
eral steps and is such as to impose limitations to 
the article characteristics; for example the gap be- 
tween the blades cannot be smaller than certain 
values being determined by the employed cutting 
methods. Moreover the problems relating to key- 
ing the impellers to the shaft romain unsolved. 

Another known solution is that of forming the 
single blades of the impeller by means of the 
electro-discharge machining technique. The use of 
this technique improves some characteristics of the 
article, e.g. reducing the gap between the blades 
when compared with that of a milling process, but 
nevertheless the manufacture process is still a long 
and costly one since the blades are built one by 
one and the single impellers have to be keyed to 
the rotor shaft- An example of this manufacture 
technique, which is not applied to rotors for tur- 
bomelecular pumps, is described In French Patent 
application No. 2 670 970. 

DE - A - 27 17 366 discloses an impeller with 
inclined blades for a turbomoiecular pump, wherein 
the blade width, their thickness and their number 
are related by the following relationship 
(aAangoc) + (d/sencr) - Znttz 
where tx Is the angle between the tangent to the 



radius r of each blade and the rotor plane. This 
document does not describe the process for manu- 
facturing the impeller, nor provides for an impeller 
being integral with the shaft. 

5 An object of the present invention is that of 

overcoming or reducing the drawbacks of the 
known processes for manufacturing rotors of tur- 
bomoiecular pumps, by providing a process that is 
both quick and adapted to produce an impeller or a 

10 rotor having high operating characteristics. 

The above objects and advantages of the in- 
vention that will become evident from the following 
description, are achieved by a process for manu- 
facturing an impeller or a rotor having one or more 

16 blades for a turbine pump, comprising a prelimi- 
nary step of preparing a workpiece, comprising at 
least a disk corresponding to the impeller to be 
realized, which is placed within an apparatus for 
electrical discharge machining in such a manner as 

so to act as an electrode thereof, characterized in that 
said disk is passed through a tool acting as the 
other electrode with a combined motion oF rotation 
and translation, said tool comprising at least one 
plate in which radial slits are formed along at least 

25 an arc of circumference, said slits opening into a 
hollow area defined within said plato, so that an 
impeller blade is produced for each of said slits in 
said tool thanks to said combined motion of rota- 
tion and translation of said disk through said tool, 

-jo Another object of the invention resides in a 

process for obtaining a whole impeller by means of 
a single operation of electrical discharge machin- 
ing, Uiis process being characterized by the use of 
a tool provided with radial slits along a complete 

35 circular crown that is hollow at its center. 

An additional object of the invention resides in 
a process For directly obtaining a rotor having one 
or more impellers from one or more disks already 
fastened to the rotor shaft, the process being char- 

40 acterized in that said disks are passed through one 
or more tools provided with radial slits as already 
explained. 

An advantageous embodiment of this latter pro- 
cess is obtained when the shaft and the disks form 
45 a one- pice semifinished product, so that the step of 
keying the impellers to the shaft is eliminated. 

Some preferred embodiments of the invention, 
for illustrative and non limiting purposes, will now 
be described with reference to the attached draw- 
50 ings, in which: 

- Fig. 1 is a plan view oF a tool employed in the 
process according to the invention; 

- Fig, 2 is a schematic perspective view of a first 
embodiment of the process according to the 
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invention; 

- Fig. 3 is a perspective view of an impeller 
obtained through the process according to the 
invention; 

- Fig. 4 is a plan view Of another embodiment of 
the tool employed in the process according to 
the invention; 

- Fig. 5 is a schematic perspective view of a 
second embodiment of the process according to 
the invention; 

- Fig.s 6 and 7 are schematic side views ot two 
arrangements of tool and workpiece relating to 
the embodiment oF Fig, 5 of the process accord- 
ing to the invention; 

- Fig.s 8 and 9 are a side and plan views, 
respectively, of a first type of impeller blade 
obtained through the process according to the 
invention; 

- Fig.s 10 and 11 are a side and plan views, 
respectively, of a second type of impeller blade 
obtained through the process according to the 
invention; and 

- Fig,s 12 and 13 are a side and plan views, 
respectively, of a third type of impeller blade 
obtained through the process according to the 
invention. 

Referring to Figures 1 and 2. a process for 
realizing a rotor Impeller for turbomolecular pumps 
through electrical discharge machining, is sche- 
matically illustrated, the tool being indicated at 1 
and the workpiece at 2. Both these members are 
placed in an electrical discharge machine that has 
not been shown since it is known per se. tho tool 
constituting one eiectrode and the workpiece the 
other one. The tool is made up by a plate 4 in 
which a series of equally spaced slits 5 radially 
extending along a circular crown, and opening to- 
wards the center into a through hole 7 in the plate. 
The workpiece 2 is made up by a metal disk 
having a size corresponding to that of the desired 
impeller and is either keyed to a shaft 3 or integ- 
rally formed with the shaft itself. The disk radius is 
equal to or smaller than the sum of the radius of 
the hole 7 and the length oF the slit 5. Tho shaft 3 
is mounted on a workhead that can be translated 
along the three cartesian axes and is further rotat- 
able about the Z axis, under numerical control. As 
an alternative, the workpiece can be kept still and 
the tool 1 be moved, in any case obtaining a 
relative combined motion of rotartion and translation 
between the workpiece and the tool. 

By combining the movement of the workptece 
along the Z axis with a rotation thereof by an angle 
a about such axis, a helical motion is obtained that 
carries the workpiece through the tool 1- In cor- 
respondence of the slits 5 tho disk 2 is not frBtted 
whereas the disk portions facing the areas 6 do- 
fined between two adjacent slits are taken away 



through the electrical discharge machining. Each 
slit 5 therefore produces an impeller blade. Tho so 
obtained impeller is schematically shown in Figure 
3. In correspondence of the central hole 7 in the 

5 plate 4, the disk material is not taken away so that 
a disk 8 is formed from which the blades 9 radially 
extend outwardly. Due to the rotation and transla- 
tion advancing of the workpiece 2 through the tool 
1, the blades 9 are formed twisted. That is the 

io angle they form with respect to the disk 8 from 
which they originate progressively varies when pro- 
ceding radially outwards, as will be discussed later 
with reference to Figures B to 13. Through such 
process it is possible to obtain blades having a 

rs reduced thickness when compared to those of the 
known manufacturing processes. 

Figure 4 shows a tool formed by a plate 10 in 
which radial slits 5' have been cut along a semicir- 
cumference, around a semicircular recess 12 

20 formed in a side 13 of plate I. This way the tool is 
"open" and is adapted for carrying out the process 
in a situation in which a plurality of disks 2 are 
already keyed to the shaft, or in an equivalent 
situation being nevertheless more interesting for 

25 practical purposes, wherein the shaft 3 and the 
disks 3 arc integrally formed as a one-piece 
(monolithic) semifinished product, obtained e.g. by 
turning or milling a meta! cylinder. 

With reference to Figures 5, 6 and 7, the 

30 workpiece is constituted by a shaft 3 comprising a 
series of disks 2a, 2b, -2n, fastened to a workhoad 
of the electrical discharge machine. The tool com- 
prises an array of plates 10a, 10b, lOn formed like 
the plate 10 of Figure 4. By translating the work- 
as piece along an axis orthogonal to the axis Z. tho 
disks 2a, ... Zn are inserted through the plates 10a. 
... 10n as shown in Fig. 6. Fig. 5 shows only one of 
such plates for an easier illustration. By imparting a 
combined motion of rotation and translation to the 

40 workpiece. each disk 2 passes through the cor- 
responding plate 10 so that half of the impeller 
blades are formed on each disk, that is all the 
blades foreseen on a disk semicircumference. The 
situation is shown in Figure 7 which illustrates the 

46 so formed blades 9. The workpiece is then rotated 
either by (180-«) a in the same direction of rotation 
as angle «, or in the opposite direction by 
(180 + «>*, is subjected to another rotation and 
translation passage through the tools, by again 

so moving the workpiece along the Z axis, but in 
opposite direction, and thus obtaining an impeller 
complete with ail the blades. It is evident that the 
abovo manufacture process allows for building a 
complete rotor of a turbine pump by means of an 

55 electrical discharge machining carried out in two 
steps only, by employing the "open" tools shown 
in Figures 4 to 7. In a completely equivalent man- 
ner it is possible to build the complete rotor 
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through a single working step employing "closed" 
tools of the kind shown in Figures 1 and 2, on 
condition that these latter can bo splitted into two 
parts after the working is finished, in order to 
extract the finished workpiece that remains with its 
shaft 3 caught in the holes 7 of the plate 4. Thanks 
to this process it is possible to obtain rotors having 
reduced gaps between an impeller and ttie adja- 
cent one, and above all one-piece rotors, thus 
overcoming the problems for keying the impellers 
to the shaft 

Figures 8 and 9 are a side view and a plan 
view respectively, of a blade 9 obtained through 
the process of the present Invention. In Figure 8, 
the numeral reference £ indicates the profile of the 
radially inner part of blade 9, tilted at an angle £1, 
with respect to the horizontal, whereas reference 
13 indicates the profile the blade assumes in its 
peripheral portion, which is tilted at an angle 
with respect to the horizontal. The twist of the 
blade is due to the variation of this profile along the 
radius. 

The above structural feature of the blade, ob- 
tained thanks to the combination of the rotation and 
translation motions of the workpiece passing 
through the too!, imparts advantageous properties 
to the impeller, particularly of rotors for tur- 
bomolocular pumps, since it optimizes the com- 
pression ratio and the pumping speed. 

By properly adjusting the operating condition it 
is further possible to obtain blades in which; 

1) the thickness varies from Si to S2 passing 
from inside to the periphery of the blade, where 
si>S2, the horizontal cross section of the blade 
remaining constant, therefore hi -ba as shown 
in Figures 8 and 9; 

2) the thickness is constant, that is si =52, but 
the horizontal cross section is increasing, there- 
fore bi<bz as shown in Figures 10 and ii; 

3) both the thickness s and the horizontal cross 
section vary linearly with tine blade radius, there- 
fore st<S2 and bt<D2, as shown in Figures 12 
and 13- > 

Additional embodiments that have not been 
illustrated allows for obtaining outwards tapered 
blades that are strong at the root and lightened at 
the periphery. 

Some embodiments of the invention that are 
presentely preferred have been disclosed, but of 
course the invention Is subjected to several modi- 
fications and changes within the inventive idea- 



Claims 

1. A process for manufacturing an impeller or a 
rotor having one or more blades for a turbine 
pump, comprising a preliminary step of preparing a 



workpiece, comprising at least a disk (2) corre- 
sponding to the impeller to be realized, which is 
placed within an apparatus for electrical discharge 
machining in such a manner as to act as an elec- 

5 trode thereof, characterized in that said disk (2) is 
passed through a tool (1) acting as the other elec- 
trode according to a combined motion of rotation 
and translation, said tool comprising f at least one 
plate (4; 10) in which radial slits (5; 5 ) are formed 

70 along at least an arc of circumference, said slits (5; 
5 ) opening into a holfow area (7; 12) defined within 
said plate, so that an impeller blade (9) is produced 
for each of said slits (5; 5') in said tool thanks to 
said combined motion of rotation and translation of 

75 said disk (2) through said tool (1). 

2. A process as claimed in claim 1 , characterized 
in that said hoilow area (7; 12) is a circular area 
and in that the radius of said disk (2) is smaller 
than or equal to the sum of the radius of said 

20 circular area and the lenght of said slits (5). 

3. A process as claimed in the preceding claims, 
characterized in that said tool-cathode (1) com- 
prises a plate in which sa'td slits <5) are equally 
spaced along a circular crown, and In that said 

26 hollow area is a circular hole (7). 

4. A process as claimed in claims 1 and 2, char- 
acterized in that said tool comprises a plate (10) in 
which said slits (5) are equally spaced along a 
semicircu mference, and in that said hollow area is 

30 a semicircular recess (12) formed on a side (13) of 
the plate. 

5. A process as claimed In claim 4, characterized 
in that said workpiece comprises a shaft (3) carry- 
ing a plurality of fixed disks (2a, .,. 2n), and in that 

35 said tool comprises a plurality of plates (10a, .. 
lOn), each of said disks (2a, ,., 2n) being oper- 
ativoly introduced between two adjacent of said 
plates (10a, ... 1Qn), said disks (2a, ... 2n) being 
brought against said plates with a combined motion 

40 of rotation and translation in order to obtain a first 
hah* of said Impeller blades (9), and then said 
workpiece is rotated in such a way as to expose 
the unmachined portion of said disks (2a,. ..2n) to 
the tool, and is again moved towards said plates 

45 (10a,...l0n) with a combined motion of rotation and 
translation along the same direction, but back- 
wards. 

6. A process as claimed In claims 4 and 5, char- 
acterized in that said workpiece to be electrical 

so discharge machined is a semifinished integral 
piece. 

7. A rotor For a turbine pump manufactured through 
the process according to any of claims 1 to E5, 
characterized in that the impellers are integral with 

5S said shaft. 

8. A rotor for a turbine pump as claimed in claim 7, 
characterized in that said impellers comprise an 
array of twisted blades (9). 
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9. A rotor, for a turbine pump as claimed in claim 8, 
characterized in that each of said blades (9) has a 
constant cross section in a horizontal plane and a 
thickness (s) varying as a function of the radius. 
10- A rotor for a turbine pump as claimed in claim 
8, characterized in that each of said blades (9) has 
a constant thickness {s) and a cross section in a 
horizontal plane varying as a function of the radius. 
1 1 . A rotor for a turbine pump as claimed in claim 
8, characterized in that both the thickness (s) and 
the cross section in a horizontal plane of each of 
said blades (9) vary as a function of the radius. 
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FIG.6 F*> 7 
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